dl, p = 0.001, and 112 8 23 vs. 62 8 20 mg/dl, p = 0.001, respectively), while no significant change occurred in control patients (168 8 26 vs. 182 8 29 mg/dl, p = 0.07, and 99 8 18 vs. 108 8 26 mg/dl, p = 0.1, respectively). At the end of the 2-month follow-up period, 9 patients (20.5%) experienced AF recurrence, and there was no significant difference in AF recurrence rate between the treatment and control groups (26 vs. 13%; p = 0.2). Conclusion: Atorvastatin therapy prior to EC does not prevent the recurrence of arrhythmia in patients with persistent AF who are receiving antiarrhythmic therapy.
Atorvastatin Given prior to Electrical Cardioversion
It is known that AF alters the electrophysiological, structural and contractile properties of the atrium in a way that makes the atrial environment more prone to future AF episodes [3] . Other factors involved in the induction or maintenance of AF include focal inflammation, endothelial/endocardial dysfunction, oxidative stress, ischemia and autonomic nervous system activity [2, 4] . Evidence for an inflammatory contribution has initially been suggested by the high incidence of AF (25-40%) after cardiac surgery and the association of AF with pericarditis and myocarditis [5] . The presence of systemic inflammation, which is determined by elevated levels of high-sensitivity C-reactive protein (hs-CRP), is associated with the presence of AF and is an independent predictor of AF [6, 7] . Patients with persistent AF have higher levels of hs-CRP than patients with paroxysmal AF [8] .
Statins, which are known to have anti-inflammatory and pleiotropic effects, have been shown to have beneficial effects on AF in a variety of reports [9] [10] [11] . In a retrospective study, it was found that patients with persistent lone AF who took statins had decreased AF recurrence after successful electrical cardioversion (EC) [9] . In patients with CAD, statins reduced the incidence of AF in a manner that was independent of the statin lipid-lowering effect [10] . Ozaydin et al. [11] showed that patients receiving atorvastatin (10 mg) prior to EC maintained sinus rhythm longer when compared with the patients receiving no drug. However, in another prospective study, pravastatin did not reduce the recurrence of AF after EC [12] . The aim of the present study was to evaluate the effect of a higher dose of atorvastatin on the recurrence rate of AF and on inflammatory markers after successful EC in patients with persistent AF. We used well-known and easily determined inflammatory markers such as hs-CRP, white blood cell count and fibrinogen [13] .
Subjects and Methods

Study Population and Protocol
Patients (n = 48) who had persistent AF ( 1 1 week) and who were scheduled for EC were included in our prospective, open-label, single-center study. The exclusion criteria were: paroxysmal AF episodes; unsuccessful cardioversion history; thyroid dysfunction; significant heart valve disease; liver disease or elevated liver enzymes; recent acute coronary event in the last 6 months; revascularization history in the last 1 year; autoimmune or inflammatory diseases; pregnancy or lactation; significant renal functional impairment; New York Heart Association class III or IV heart failure; a left atrium size of 1 5.5 cm, and a history of statin therapy. Patients were chosen randomly and grouped in the order of admission into an atorvastatin 40 mg (n = 24) and a control group (n = 24). All patients received warfarin treatment at an international normalized ratio of 2.0-3.0 for a minimum of 3 weeks before and 4 weeks after EC. Atorvastatin was started 3 weeks before EC and was continued during the 2-month follow-up period.
Amiodarone was administered as a 150-mg bolus, intravenously over 10 min, followed by a continuous infusion at 0.5-1 mg/min for 24 h as per the ACC/AHA/ESC (American College of Cardiology/American Heart Association/European Society of Cardiology) 2006 Guidelines [2] . External cardioversion was performed at the time of amiodarone therapy in the fasting state under general anesthesia with intravenous propofol (2 mg/kg). R wave synchronized biphasic shocks were delivered to all the patients by a step-up protocol of 100, 200 and 360 J at an anterolateral electrode position. When unsuccessful, 2 anteroposterior shocks of 200 and 360 J were applied. Despite the EC procedure, AF in 2 patients could not be converted to sinus rhythm, and the patients were excluded from the study. External cardioversion was considered successful when sinus rhythm lasted 6 1 min after the shock. After successful cardioversion, all patients were given oral amiodarone or propafenone for maintenance of sinus rhythm. The patients were discharged on the following day and were instructed to attend the outpatient clinic normally once a week for 2 months, but they were also instructed to attend the outpatient clinic whenever they experienced symptoms suggestive of AF. Early AF recurrence was defined as relapse into AF within a week.
Three weeks before EC, all the study subjects underwent transthoracic echocardiography and electrocardiography. Patients whose international normalized ratio level was found to be below 2 on the scheduled day of EC underwent transesophageal echocardiography to exclude intracardiac thrombi. Venous blood for complete blood count, hs-CRP, fibrinogen, total cholesterol and high-density lipoprotein cholesterol analysis were obtained 3 weeks before EC and on the day of EC before the procedure was started. hs-CRP levels were determined by the Dade Behring BN II N High Sensitivity CRP assay. White blood cell count was determined using a Coulter counter. The fibrinogen level was determined by standard analytical methods. The follow-up lasted 2 months and the endpoint of the study was electrocardiographically confirmed recurrence of AF for 1 10 min. No patients were lost to follow-up. When recurrence was documented, atorvastatin and antiarrhythmic medication used to maintain sinus rhythm were stopped. The participants consented to the study and the hospital's ethics committee approved the protocol.
Statistical Analysis
Parametric disturbed continuous variables are expressed as means 8 SD, and nonparametric disturbed variables as medians (interquartile ranges, IQR). The Mann-Whitney U test was used for comparison of nonparametric variables, and the Student t test for comparison of parametric variables. Categorical variables were compared by the 2 test. The baseline and pre-EC levels of hs-CRP and white blood cell count were compared by the Wilcoxon test. Baseline and pre-EC levels of total cholesterol, lowdensity lipoprotein (LDL) cholesterol and fibrinogen were compared by paired t tests for each groups. An ANCOVA model that included statin treatment as a fixed main effect, with the baseline left atrial dimension, BMI, age, gender and diabetes mellitus as covariates. p ! 0.05 was considered significant. The Statistical Package for the Social Sciences, version 11.0 (SPSS Inc., Chicago, Ill., USA) was used for statistical analysis.
Results
EC was unsuccessful in 2 patients, the rhythm of 2 patients spontaneously converted into sinus rhythm before EC, also 1 from each group. There were no significant differences in baseline characteristics and medications between the groups ( table 1 ). The duration of AF ranged from 1 to 12 months. Amiodarone was the antiarrhythmic drug used for the maintenance of sinus rhythm in the majority of the study population. There was no significant difference between the baseline lipid values of the groups ( table 2 ) . Before EC, total cholesterol and LDL levels were significantly lower in the atorvastatin group when compared with both baseline and control groups ( table 2 ). There were no significant differences in the mean number of shocks and total energy delivered for EC between the groups. Early relapse into AF within 1 week occurred in 2 patients of the atorvastatin group and in 1 patient of the control group (p 1 0.5) ( table 3 ) . hs-CRP, white blood cell count and fibrinogen levels were similar at baseline between the atorvastatin and control groups, and they did not change significantly before EC ( table 4 ) .
At the end of follow-up, lipid values were evaluated in patients which maintained sinus rhythm in both the group receiving atorvastatin (n = 16) and the control group (n = 19). Because of recurrent AF in 9 patients up to the endpoint of the study, the lipid profile of these patients was not evaluated. Total cholesterol and LDL levels were significantly decreased in patients taking atorvastatin at 2 months compared with baseline values (174 8 31 vs. 129 8 25 mg/dl, p = 0.001, and 112 8 23 vs. 62 8 
Discussion
The main finding of this study was the following: atorvastatin did not affect numbers of patients with AF conversion to sinus rhythm before EC or recurrence rates of AF after EC when used in addition to antiarrhythmic treatment. We also did not find any difference in the levels of inflammatory markers after 3 weeks of atorvastatin treatment compared with baseline between the groups. These findings are comparable to some studies [12, 14] , but not to others [9, 11, 15, 16] . It remains unclear how patients benefit from statin therapy for maintaining sinus rhythm after EC. Subgroups should be defined in future studies, such as ischemic heart disease, left ventricular functions, age, diabetes, hypertension, valvular heart disease, chronic obstructive pulmonary disease and high inflammatory burden.
However, statins have been shown to be the most effective and best-tolerated drugs for treating elevated levels of LDL cholesterol [17] [18] [19] . Besides lowering lipids, a multitude of potentially cardioprotective effects have been ascribed to these drugs, such as improvement in endothelial function, reduction in oxidative stress, as well as anti-inflammatory and antithrombotic properties [17] [18] [19] . In addition, statins may exert direct antiarrhythmic effects by modulating the physiochemical properties of the sarcolemma, which results in alterations to transmembrane cardiac ion fluxes that may directly affect the electrophysiological properties of the cardiac muscle [20] . In the Antiarrhythmics versus Implantable Defibrillators study, lipid-lowering therapy decreased the recurrence rate of ventricular arrhythmias in patients treated with implantable cardioverter-defibrillators [21] . In a canine model of sterile pericarditis, elevated levels of CRP were associated with sustained AF, suggesting that electrophysiological changes resulting from inflammation may perpetuate the arrhythmia [21] . Atorvastatin-treated animals had lower CRP levels and shorter AF duration than the control group [22] , thereby suggesting that atorvastatin can prevent atrial electrical and structural remodeling and the maintenance of AF by inhibiting inflammation.
Clinical studies also support the efficacy of statins both in primary and secondary prevention of AF [15, 16, 23, 24] . Merckx et al. [23] showed that among patients with CAD, statin users had a lower rate of new-onset AF compared with nonusers during a 6.5-year follow-up (7.3 vs. 11.6%). Dernellis and Panaretou [24] reported that atorvastatin completely resolved AF in 65% of patients with paroxysmal AF recorded by ambulatory electrocardiography compared with 10% in a placebo group (p = 0.02). A retrospective study showed that statins helped prevent AF recurrence after EC in lone AF patients [9] . Statins also decreased AF incidence after coronary artery bypass graft or noncardiac thoracic surgery [15, 16] . Ozaydin et al. [11] showed that at the 3-month follow-up after [25] showed that treatment with atorvastatin, starting 7 days before cardiac surgery and continued in the postoperative period, significantly decreased postoperative AF (35 vs. 57%) and shortened the postoperative hospital stay. However, other studies [12, 14] have yielded conflicting results. In a prospective study by Tveit et al. [12] , pravastatin treatment initiated 3 weeks before EC and continued 6 weeks after EC did not reduce the recurrence rate of AF after EC (35 vs. 33%). They did not find any difference in the levels of inflammatory and extracellular remodeling markers before or after EC as in our study where we neither found a significant difference in hs-CRP levels nor in recurrence after statin treatment.
Of the antiarrhythmic drugs presently available, oral amiodarone is more efficacious than other drugs for the maintenance of sinus rhythm after EC [26, 27] . The AF recurrence rate is approximately 30-40% with amiodarone. Antiarrhythmics were discontinued in the study by Ozaydin et al. [11] and the dosage left to the discretion of the physician in the study by Tveit et al. [12] .
The major limitations of our study were the small sample size and that it was not a placebo-controlled, doubleblind study. Equally, the duration of statin treatment might have been too short to have an effect on atrial remodeling and inflammation. Additionally, the duration of the follow-up was short. Because of these limitations, it is possible that transient or paroxysmal asymptomatic recurrence of AF might have gone undetected. Equally, amiodarone, by controlling heart rate, could have masked the symptoms of paroxysmal AF.
Conclusion
Our findings suggest that atorvastatin together with EC did not have a beneficial effect in addition to antiarrhythmic treatment. We recommend double-blinded, placebo-controlled studies to clarify the effect of statins on the recurrence rate of AF after EC.
